Purpose] In this study, we investigated the effect of exercise using a horse-riding simulator on the physical ability of frail seniors.
INTRODUCTION
The healthy stage of life is "the period of life during which no assistance is required in daily life, or living in mental and physical health". In Japan, where the proportion of the elderly population continues to grow, an important issue is not only lengthening the average lifespan, but also prolonging the healthy stage of life. This period of health can be affected not only by various disorders and diseases, but also by obstacles that are due to the weakening of the body and not to any specific diseases. Consequently, it is necessary for seniors to participate in an exercise regime to prolong the healthy stage of their lives, and proactively maintain or improve their physical ability. In addition, it is necessary for frail seniors already receiving care to participate in an exercise routine to prevent the degree of care needed from worsening. A study of an exercise routine aimed at healthy seniors was previously carried out, and in many cases, favorable results were obtained, in terms of increased physical ability and decreased likelihood of a fall [1] [2] [3] [4] . However, if this exercise routine were conducted among frail seniors, we are still uncertain as to whether the same positive results would be obtained. Therefore, we conducted an investigation among frail seniors to determine the effectiveness of using an exercise routine that remained safe to implement.
In North America and Europe, horse riding has a long history as a method of treatment and rehabilitation 5) . This is thought to be due to the increased physical ability brought about by the movements induced as the horse walks. Recently in Japan, a horse-riding simulator that replicates a portion of a horse's movement has been developed and used for promoting health and for rehabilitation. Exercise using a horse-riding simulator was previously reported to increase the physical abilities of healthy seniors [6] [7] [8] ; however, its effect on frail seniors has not yet been sufficiently investigated. In other words, although it is clear from previous research that exercise using a horse-riding simulator contributes to promoting health, there is insufficient research concerning whether it is effective from a medical rehabilitation standpoint. In addition, while previous research has indicated that static balance function and muscle strength improve as a result of exercising with a horse-riding simulator [6] [7] [8] , its effect on dynamic balance function and walking ability, as well as postural improvements, has yet to be sufficiently investigated. Accordingly, in our investigation, we implemented a 12-week exercise program using a horse-riding simulator for frail seniors living in the vicinity of and regularly using a day care facility, and investigated its effect on static and dynamic balance functions, walking ability and posture.
SUBJECTS AND METHODS

Subjects
All subjects were recruited from a day care facility in Izunokuni city and another in Numazu city, both located in Shizuoka Prefecture. The criteria used for the selection of seniors for the study were as follows: seniors using the day care facility two or more times a week, and seniors of 65 years of age or older living in the vicinity of the day care facility. We recruited all the seniors meeting the requirements and asked them to actively participate in the study. The criteria used for exclusion included serious visual or auditory impairments, serious spine deformities, individuals who failed to comprehend the research content, those who had undergone hip replacement arthroplasty, those who need assistance with physical ability measurements ( t o b e d e s c r ib e d l a t e r ) , a n d t h o s e w h o s e participation in the study would make risk management complicated. However, those who used a cane or other assistive devices while walking were not excluded. After exclusions, we were able to enroll 23 subjects. These subjects were randomly divided into the exercise and control groups. The exercise group was composed of 11 subjects who performed exercise using a horse-riding simulator in addition to their regular exercise activity at the day care facility. The control group consisted of the remaining 12 subjects who performed their regular exercise activity at the facility. However, two subjects in the exercise group decided not to continue with the study; thus, the final analysis was performed on 9 subjects in the exercise group and 12 subjects in the control group (total, 21 subjects). Details regarding the subjects are shown in Table 1 .
Written informed consent was obtained from all the subjects after providing sufficient written and verbal information regarding the study.
Methods
The study duration was 12 weeks. The exercise group performed their normal activities at the day care facility, as well as exercise using a horse-riding simulator (JOBA EU6414, Matsushita Electric Works, Ltd., Osaka) twice a week. The durations of each exercise session were 10 minutes in the first week, 20 minutes in the second week, and 30 minutes in the third week. It was also possible for the latter duration to be broken down into two 15minute sessions. The goal of the subject was to maintain balance while the horse-riding simulator moved. Exercise using the simulator was performed under observation by a physical therapist. The speed at which the simulator moved was gradually increased according to the physical ability of each subject ( Table 2 ). The conditions where the speed of the simulator was increased were the absence of fear or concern, no pain sensation such as pain in the lower back, an assessment of the rating of perceived exertion within the range of "fairly light" to "somewhat hard", and the ability to appropriately react to the current movement speed of the simulator (approved by the physical therapist). Conversely, during the study period, the control group performed only their regular activities at the day care facility.
The movements of the saddle when a horse is walking include six types: anterior-posterior horizontal movements (sliding), left-right horizontal movements (sliding), anterior-posterior tilted movements (pitch), left-right tilted movements (roll), left-right rotations (yaw), and updown movements 6) . The horse-riding simulator used in the study recreated 3 of these movements, namely, anterior-posterior sliding, pitch, and roll. In addition, it was possible to set the duration of movement to 1 of 9 intervals from about 1.4 to about 3.6 seconds/cycle.
Each measurement item and measurement method is described below.
We measured the time the subject could stand on one leg with their eyes open to evaluate static balance function. The subject assumed a standing position with bare feet and arms lowered at their sides, and at the signal of the examiner, lifted one leg from the floor. The examiner then measured the time the subject maintained balance using a stopwatch. Measurement was conducted twice, and the longest time was recorded.
We used the Functional Reach Test (FRT) 9) to assess dynamic balance function. The examinee assumed a standing position in bare feet with legs 1  3  3  6  C  1  3  3  6  D  1  3  5  7  E  2  4  5  6  F  1  3  3  6  G  1  3  3  3  H  1  3  3  4  I  1  3  3  3 The numbers shown in the chart reflect the speed of the horseriding simulator.
slightly apart, and lifted either arm forward so that it was parallel to the floor, and then with palms facing the floor made a clenched fist. The ends of the clenched fists were then affixed to a sliding board. The subject then slid this board forward as far as possible without lifting his/her feet from the floor, and then returned to the original standing position. The examiners then measured the sliding distance covered. FRT was performed twice with the longest distance recorded.
To assess walking ability, we measured the time and number of steps required to walk 5 m (5 m walking test). We conducted the 5 m walking test at a normal pace and at a the subjects' maximal pace. An 11-m straight line from the start to the goal was delineated using a tape on the floor at the start and finish lines. In addition, another line of tape was placed on the floor at point A, 3 m from the starting line, and point B, 3 m before the finish line. At normal pace, the subject walked with regular steps at a relaxed pace from the start to the finish line in shoes they were accustomed to wearing. At maximal pace, they proceeded from the start to the finish line as quickly as possible. The examiners measured the time it took for the subject to walk the 5 m from point A to point B using a stopwatch. In addition, they counted the number of steps required to walk this distance. The normal pace walking test was performed once, while the maximal pace walking test was measured twice, with the shortest time being recorded.
For a combined assessment of dynamic balance function and walking ability, we implemented the Timed Up and Go Test (TUG) 10) . A chair with a back was placed on the floor and a cone was placed 3 m away from the chair. The subject was made to sit on the chair and after being signaled by the examiner, the subject stood up, walked around the cone and then returned and sat on the chair. During this time, the subject wore regular shoes and walked at his/her normal pace. The examiner measured the time it took for the subject to perform the test using a stopwatch. The test was performed twice, and the shortest time was recorded.
To assess posture, we measured spinal alignment while standing at rest. While standing at rest in bare feet, the thoracic kyphosis, lumbar flexure, and sacral inclination angles were measured using an ultrasonic three-dimension movement analyzer (CMS-HS, Zebris, Germany). The examiner used the attached pointer to trace the spinal line on the body surface from the subject's C7 vertebra to the S3 vertebra. The traced spinal line was then processed using a computer to display the anatomical height of each vertebra on the monitor. Based on this image, the angle at the intersection of the line connecting C7 and T1 and the line connecting T12 and L1 were defined as the thoracic kyphosis angle; the angle at the intersection of the line connecting T12 and L1 and the line connecting L5 and S1 were defined as the lumbar flexure angle; and the angle at the intersection of the line connecting S1 and S2 and the line perpendicular to the floor were defined as the sacral inclination angle (Fig. 1 ). Note that these angles differ from those obtained by radiography.
All measurements are expressed as mean ± standard deviation. We used Welch's t test or the unpaired t test to analyze pre-intervention measurements (baseline) in the exercise group and the difference in measurement values between the two groups (inter-group comparison). We used the paired t test to analyze the pre-and postintervention measurement values of each group (intra-group comparison). The standard used throughout the study for the level of significance was <0.05.
RESULTS
Pre-intervention (baseline) measurement values
for each group are shown in Table 3 . No significant d i f f e r e n c e w a s o b s e r v e d i n t h e b a s e l i n e measurement values between the exercise and control groups. The pre-and post-intervention measurement values for each group are shown in Table 4 . In the exercise group, the post-intervention values for the duration of open-eyed one leg standing, 5 m walking time at normal pace, the number of steps required for maximal pace, the FRT score, and the lumber flexure and sacral inclination angle while standing at rest, were all significantly improved relative to the pre-intervention values. Conversely, in the control group, there were no significant differences in any of the measured values prior and subsequent to the study.
DISCUSSION
In this study, we observed a significant improvement in post-intervention values in terms of the duration of the open-eyed one leg standing, the FRT score, 5 m walking time at normal pace, and the number of steps required for maximal pace, relative to pre-intervention values. Trunk function is important for posture adjustment and the efficiency of all body movements. When a disturbing stimulation is applied to the body, segmental trunk movement is induced, and postural adjustments are made so as not to loose balance 11) . In addition, minimal trunk movements produced when walking are related to impact absorption and prevention of unsteady body movements. To maintain body balance during movements occurring while using a horse-riding simulator, segmental and rhythmical trunk movements must take place. Accordingly, trunk function can be improved by using a horse-riding simulator for a fixed period of time, and improvements in balance function as well as walking ability can also be realized. However, no significant differences were found in the pre-and post-intervention values of the 5 m walking time at maximal pace and the number of steps in 5 m walking at normal pace. Usually, the walking test is conducted across a distance of 10 m; however, because our subjects were frail seniors, we conducted this study using 5 m. Over a short distance such as 5 m, the difference between the pre-and post intervention values for walking time and number of steps may not be sufficient, and we suspect this is the reason we were unable to observe significant improvements in each measurement of the walking test. Moreover, no significant difference was found between pre-and postintervention TUG values. The movements of standing up from and sitting in a chair in the TUG test, along with the change in directions, are complicated movements for the frail seniors. These complex movements not only require functioning of the trunk, but leg function also plays an important role. Moreover, many of the movements require proper coordination of the trunk and legs 12) . Although improvements in the efficiency of trunk function were seen after exercise using the horseriding simulator, it seems that significant improvement in coordinated movements of the trunk and legs, and leg function were not achieved. Accordingly, we believe that it is difficult to adequately improve all movement abilities by performing exercise using only a horse-riding simulator. Furthermore, we believe that significant improvements in balance would not be achieved by introducing more dramatic disturbance stimulations in the speed and movement of the horse-riding simulator. Further study is necessary to investigate t h e e f f e c t i v e ne s s o f n o t o n l y p e r f o r m i ng independent exercise using a horse-riding simulator, but also when such exercise is combined with another exercise routine. In addition, it is also necessary to study the optimal duration and frequency of an exercise session, the period of the entire regime, and the speed of the horse-riding simulator.
As for the primary curvature deformations seen in the spines of many seniors, these are produced by reaching or going over the limits of the spinal range of extension and a decrease in the extensor muscle strength, as well as from intervertebral disk In this study, we found a significant increase in the pre-and post-intervention lumbar flexure and sacral inclination angles in the exercise group when standing at rest. We believe that the improvements in the spinal range of extension and extensor muscle strength as well as those in the lumbar flexure and sacral inclination angles are due to the fixed period of exercise using the horse-riding simulator. Primary curvature of the spinal column pulls the body into an abnormal position in which the center of gravity is located posteriorly. In addition, postural deformations in seniors have also been reported to be linked with decreased walking abilities and balance functions [13] [14] [15] . Accordingly, exercise using a horse-riding simulator should not only improve the posture of the elderly, but should also enhance walking ability and balance functions. However, no significant differences were found in the pre-and post-intervention thoracic kyphosis angles. Because the range of the flexion-extension of the thoracic vertebrae is extremely small relative to that of the lumbar vertebrae 16) , we believe that the movement of the horse-riding simulator produced only minimal flexion-extension movement in the thoracic vertebrae. Consequently, no significant improvements in the thoracic kyphosis angle were effected by exercise with the simulator.
In this study, after the 12-week period of exercise using a horse-riding simulator, although we did see segmental improvements in the physiological functioning of the frail seniors using the day care facility, we were unable to determine any medical rehabilitation effect. However, the number of subjects was very small in this research, so further study using a larger number of subjects is necessary. We hope to conduct further investigations into how exercise using a horse-riding simulator may contribute to the expansion of possible productive activities of everyday life, lessen the degree of assistance required, and prevent falls.
